from the ratio of estimated fatal to total events. Results: Attack rates were found to be higher in men than in women: mean age-standardized attack rate was 21.9/10,000 in men and 12.5/10,000 in women; age-standardized 28-day case fatality rate was higher in women (17.1%) than in men (14.5%). Significant geographical differences were found in attack rates of both men and women. Case fatality was significantly heterogeneous in both men and women. Conclusions: Differences still exist in the geographical distribution of attack and case fatality rates of cerebrovascular events, regardless of the north-south gradient. These data show the feasibility of implementing a population-based register using a validated routine database, necessary for monitoring cardiovascular diseases.
decreasing since the 1970s [2] . Even though a north-south gradient is not evident, the phenomenon appears with greater intensity in some areas: until the mid 1980s, mortality was found to be higher among men in the north of Italy; subsequently, it increased in the south of Italy, and higher values were constantly found among women in the south of Italy [2] .
Stroke clinically manifests itself in older age after many years of exposure to unhealthy lifestyles and risk factors [3] . Even though clinical onset is mainly acute, stroke often evolves gradually and causes substantial loss of quality of life, disability, and lifelong dependence on health services and medications. The societal costs of stroke are huge and they are not only those directly related to health care and social services, but also include those linked to disability pension, impact on families and caregivers and to loss of years of productive life.
Therefore, there is a need to plan primary and secondary prevention, rehabilitation services, family support, and to allocate resources in the community. To achieve this, it is necessary to implement an effective surveillance system capable of providing stable and reliable indicators such as attack and case fatality rates, which are recommended to assess the impact of the disease in the community [4, 5] .
In the late 1990s, experiences were documented in Italy in the Aosta Valley region [6] and in the city of l'Aquila [7, 8] , where registers including in-and out-of hospital events were implemented. Hospitalized events in these areas were collected; then severity and outcome were assessed through a detailed morbidity and mortality follow-up. Unfortunately, these experiences were limited and sometimes the number of events registered in 1 year was not sufficient to produce reliable and stable rates for trends. Moreover, comparison between them was often difficult due to the different diagnostic criteria adopted in the definition of events.
Within the MONICA Project (monitoring cardiovascular diseases) [9, 10] , cerebrovascular events were monitored for 10 years in the Friuli-Venezia Giulia region. Fatal and nonfatal events were identified and validated applying standardized diagnostic criteria in men and women. The importance of this project lies in the fact that several countries were involved and adopted the same standardized procedures and methods in order to produce reliable and comparable data. This allowed to assess the disease trend and to detect differences within and among populations, despite the disparities due to the different health service organizations.
However, such a surveillance system, although very informative, proved to be quite complex and too expensive to be maintained over time. Therefore, at the end of the 1990s, a pilot surveillance system, based on the use of routine data and on the validation of a sample of suspected events, was implemented in different areas of the country in order to assess attack and case fatality rates and to compare them among different areas of the country [11, 12] .
The present paper aims to illustrate the adopted methods and to report estimates of attack rates and 28-day case fatality rates for cerebrovascular events ( fig. 1 ).
Methods
The surveillance system consists of 4 phases: (1) identification of current suspected cerebrovascular events; (2) validation of a sample of current suspected events; (3) assessment of positive predictive values (PPVs) of discharge and death ICD codes obtained by applying the diagnostic criteria from the MONICA Project; (4) calculation of estimated events through the application of PPVs to current events.
Identification of Current Suspected Cerebrovascular Events
To identify current nonfatal events, all those cases having codes of cerebrovascular accidents (ICD-9 342, 430-434, 436-438) as underlying or as any of the secondary discharge diagnoses were extracted from the hospital discharge records database. To identify current fatal events, all death certificates reporting cerebrovascular accident (ICD-9 342, 430-434, 436-438) as underlying cause of death, or diabetes (ICD-9 250), hypertensive disease (ICD-9 401-404), arrhythmia (ICD-9 427), atherosclerosis (ICD-9 440) as underlying cause of death associated with cerebrovascular accidents (ICD-9 342, 430-434, 436-438) in at least one of all secondary causes of death, were taken into account. Death certificates and hospital discharge diagnoses were linked to identify the events and to check duration (no more than 28 days from onset of symptoms), recurrent events and fatality ( fig. 2 ). Record linkage is important since it avoids double counting, which may occur if the same event is registered more than once over the 28-day period in the hospital discharge database.
Validation of a Sample of Current Suspected Events
One thousand consecutive suspected events (500 for each year of surveillance) for each of the 8 registers were selected and validated through the revision of clinical documentation and the application of MONICA diagnostic criteria [11, 12] , which defines a cerebrovascular event as 'rapidly developed clinical signs of focal (or global) disturbance of cerebral function lasting more than 24 h (except in cases of sudden death or if the development of symptoms is interrupted by a surgical intervention), with no apparent cause other than a vascular origin: it includes patients presenting clinical signs and symptoms suggestive of subarachnoid haemorrhage, intracerebral haemorrhage or cerebral ischaemic necrosis. Global clinical signs are accepted only in cases of subarachnoid haemorrhage or in patients with deep coma.' This definition does not include insufficiency of the systemic circulation such as shock, Stokes-Adams syndrome, and hypertensive encephalopathy. CT scan and MRI findings are not sufficient to define the event, which facilitates the comparison between inand out-of-hospital events.
Results of validation were then used to assess the PPVs for each single code of hospital discharge and cause of death as the proportion of validated events out of current events. 
Estimation of Event Occurrence
Estimation of event occurrence was obtained by applying the PPVs to the number of current events generated from the record linkage procedure and identified by the specific discharge or death codes according to the following formula:
where N EE is the estimated number of events, N CE is the number of current events, VPP i is the PPV for a specific ICD-9 code and Pr i is the prevalence of the specific ICD-9 code.
In this way, fatal and nonfatal current events were 'weighed' using PPVs specific for hospital discharge or death codes resulting from the validation procedure. Then, for each area, the estimated number of events was obtained and attack rates were calculated by dividing the estimated number of events by the area population per 10,000.
Age-specific rates were calculated as estimated events in each 10-year age range (35-44, 45-54, 55-64, 65-74) divided by the corresponding population per 10,000, where the estimated number of events was the result of the sum of estimated events for each single cause of death or hospital discharge in the same age range of each register. Case fatality rate was calculated as the ratio between the number of fatal events (in-and out-of-hospital deaths within 28 days from admission) and total number of cerebrovascular events.
Attack rates, case fatality rates and corresponding 95% confidence intervals are reported by single area and 10-year age range, for men and women separately. Attack rate was calculated as the mean value of a 2-year period (1998-1999 for all areas, 1997-1998 for Brianza). Attack rates and case fatality were age-standardized by a direct method, using the European standard population as a reference (men and women together to facilitate gender comparison).
Age-standardized attack rates and case fatality by geographical area were compared overall using the heterogeneity test ( 2 test) and one by one with the total attack rate and case fatality of the total register using the test for comparison of proportions in big samples.
This system is described in detail in the protocol [11] and in the manual of operations [12] . It is based on the one proposed by Ferrario et al. [13, 14] for coronary event registration and is similar to the other one adopted and described by Spolaore [15, 16] .
Results
The study involved 8 areas, distributed across northern, central and southern Italy: 3 of them covered a whole local health unit (Modena, Florence, Rome); 2 a whole city (Napoli, Caltanissetta); Brianza covered a defined area of the Lombardia region; Friuli-Venezia Giulia and Veneto covered the whole region. Figure 1 shows the areas and populations under surveillance. About 5 million people were taken under surveillance for a 2-year period.
Diagnostic Agreement between Clinical and MONICA Categories
PPVs were calculated for men and women separately in order to avoid gender influence; age-specific PPVs were calculated for each fatal and nonfatal ICD code for men and women separately. Tables 1 and 2 show the analysis of diagnostic agreement between selected ICD-9 codes and MONICA diagnostic aggregated categories, for fatal and nonfatal events, respectively. Data were provided by the 8 areas and all the events recorded over the entire observation period. Table 1 reports the underlying causes of death by gender reported on death certificates, coded according to the ICD rules and the validated MONICA diagnostic categories. Reported aggregations of ICD-9 codes were obtained through a sensitivity analysis, finalized to pool single ICD codes into ICD groups capable of generating the same proportion of MONICA events. For each ICD group the PPV is given, keeping the MONICA validated fatal cerebrovascular accident as a reference. For the purpose of this analysis, the MONICA diagnostic stroke categories 'definite', 'associated with a definite or possible myocardial infarction' or 'unclassifiable' are considered as positive for fatal cerebrovascular events. In men, high levels of diagnostic agreement were found among fatal events for ICD-9 code 434 (83%) and diabetes mellitus (ICD-9 250; 82%), followed by codes 430 (80%) and 431 (76%), then for code 436 (74%); very low PPVs were found only for ICD code 438 and 'others' (33 and 40%, respectively) indicating a considerable potential for generating MONICA validated fatal cerebrovascular accidents. In women, results were very similar, with high PPVs for ICD codes 430, 434, 431, 436, and 250 (100, 89, 87, 71, and 80%, respectively); ICD code 438, unlike in men, presented a high PPV (86%) even if events were very few. Table 2 reports the results of the analysis of the diagnostic agreement between ICD-9 codes from main diagnoses of hospital discharges and MONICA diagnostic categories for nonfatal events, using data from the 8 Ital- Table 3 shows attack rates for total, fatal and nonfatal events by 10-year age ranges, obtained by pooling the data of all areas. Attack rates were significantly higher in men than in women (about twofold higher considering the mean standardized value), particularly in the upper age group (78.2 vs. 45.9 per 10,000); they increased gradually with age and the ratio between nonfatal and fatal events decreased. Age-standardized attack rates by fatal, nonfatal and total cerebrovascular events by area are reported in table 4 for men and women separately. For each area, the ratio between attack rates for men and women ranged between 1.4 (Caltanissetta) and 2.3 (Florence) and resulted in a rate of 1.8 on average. There was evidence of significant heterogeneity in standardized attack rates among areas: in men values ranged from a maximum of 24.2 per 10,000 in Naples to a minimum of 14.7 per 10,000 in Caltanissetta; 4 areas showed standardized total attack rates significantly different from average (lower in Rome and Caltanissetta, higher in Naples and Modena); in all areas, except for Brianza, Friuli and Caltanissetta, attack rate among women was significantly different from the overall attack rate, with particularly high values in the areas of Rome (16.9 per 10,000) and Naples (16.0 per 10,000). Table 5 shows 28-day case fatality rates by age range, and crude and age-standardized total case fatality rates for men and women separately. In both genders, case fatality increases with age, particularly in the upper age group 65-74 years; case fatality rate was found to be statistically significantly higher in women than in men. Table 6 shows both crude and age-standardized 28-day case fatality by area of register, for men and women separately. In the areas of Veneto, Friuli, Florence and Rome, case fatality was statistically significantly higher in women than in men; the opposite was found in Brianza. Case fatality rates were particularly high in Rome, Naples, and Caltanissetta in both men and women; high case fatality rates were also registered in men from Brianza (19.5%) and in women from Friuli (21.2%). In all areas, case fatality was significantly different from total case fatality except for Friuli and Rome (men), and for Brianza and Florence (women).
Attack Rates and Case Fatality

Discussion
The objectives of a population-based register of cerebrovascular events are to evaluate the frequency, distribution and prognosis of the disease, to compare trends, changing patterns, and to monitor disease prevention programs. Using routinely data sources for the identification of events, validated on a sample basis, it is possible to obtain epidemiological estimates of attack rate and case fatality, indicators needed to monitor cerebrovascular disease occurrence in the community, to assess gender and age group differences for health service planning, to allocate appropriate resources and to evaluate effectiveness of preventive actions in the community. Total attack rate includes fatal and nonfatal cases, both first and recurrent events, providing an estimate of the burden of cerebrovascular diseases; it allows to monitor the disease trend in the community and shows the effects of welfare services and preventive measures adopted when outbreak of the disease occurs. Unfortunately, the registration system described here, based on the probabilistic estimation of event occurrence, does not allow to distinguish between first and recurrent events. In the future, the possibility of linking data related to previous years will allow to select the first-ever event and then calculate not only the attack rate, but also the disease incidence. This is useful if we consider that first events are related to risk fac- tors, their treatment, and lifestyles [3, 17, 18] , while recurrent events reflect the effects of care, rehabilitation, and secondary prevention [19] .
Case fatality describes the appropriateness and effectiveness of treatment during the acute phase. Moreover, it may be influenced by other important factors, such as delay in the recovery, lifestyles and preventive treatments, which may affect the severity of events.
Attack rate for cerebrovascular events obtained through the national register was 21.9/10,000 in men and 12.5/10,000 in women. Among men, the highest attack rates were found in Modena, Florence and Naples and among women in Modena, Rome, and Naples. In these areas, nonfatal attack rates mainly determined the differences in total attack rates, as fatal attack rates were basically comparable among all areas.
Official mortality referring to the same period of surveillance (1998-1999) differed significantly from fatal attack rates: age-standardized mortality was higher than cerebrovascular fatal attack rates in both men and women (about 41 and 32%, respectively); mortality by age was systematically higher than fatal attack rates, from 20% in the age group 35-44 years to 44% in the oldest age group 65-74 years, even though increase by age was similar in both mortality and fatal attack rates (about 3 times moving from one age group to the following; data not shown). Official mortality was statistically different from cerebrovascular attack rates by registration area as well: in men, age-standardized mortality fell out of the confidence intervals (95%) of fatal event attack rates for all areas; the same happened among women but only in 4 areas (Brianza, Veneto, Florence, and Caltanissetta). Several reasons may lie behind these differences: (1) registration areas did not exactly correspond to geographical country boundaries for which mortality data were available: this was the case of the metropolitan areas such as Rome and Naples which include only a limited area, while the official mortality data were available for the whole municipality; (2) the definition of the event within 28 days: it did not come from routine clinical practice, but from the MONICA Project and the WHO register; (3) the causes of death reported in death certificates were not validated; in that case death certificates could not refer to an acute event, but to sequelae.
Attack rates of stroke events reported for MONICAFriuli between 1984 and 1989 were 12.4/10,000 for men and 6.1/10,000 for women [20] ; these values correspond to similar attack rates of the Italian cerebrovascular register considering the same age range (35-64 years): 12.3/10,000 and 6.3/10,000, respectively.
Data comparison with the registers of the Aosta Valley region and of the city of l'Aquila was not possible due to differences in age groups included, diagnostic criteria adopted in the definition of events, and covered area. These registers started for different purposes; they were basically prospective studies aiming at estimating the impact of stroke, understanding variation in the quality of care and outcome after stroke, and answering issues related to case mix and stroke health care, quality factors on the variations in health of stroke patients. Attack rates from the Italian register appeared, for the common age range, to be lower than those registered in the Aosta Valley region (men: 38/10,000 in the age range 55-64 and 98/10,000 in the upper one; women: 18/10,000 and 63/10,000 in the two age ranges, respectively) [6] and in the city of l'Aquila (men: 29/10,000 in the age range 55-64 and 97/10,000 in the upper decade; women: 17/10,000 and 70/10,000, respectively) [7] .
The overall standardized 28-day case fatality rates were 14.5% for men and 17.1% for women. They were found to be lower than those reported from other studies, even when considering both genders together: 20% in the Aosta Valley region, and 26% in the city of l'Aquila. It is clear that this difference was not due to a different criterion (30-day case fatality instead of 28-day case fatality) but to a different identification and validation of the event instead.
A north-south gradient in case fatality was not evident even if the highest values were registered in Naples and Caltanissetta for both men and women. Socioeconomic conditions and educational level, which are not determined in this study, could contribute to explain higher case fatality in these areas.
In those areas where attack rates were found particularly low, there was evidence of a greater heterogeneity in case fatality rate among men compared with women (even though not significant). This finding was of great relevance since women under surveillance, being more numerous than men and with less events occurring in the age range 35-74 years, were less subjected to casual fluctuations.
Population-based monitoring of cerebrovascular events involves a number of problems, the most important being the completeness of case ascertainment. This is especially true for population areas where many stroke patients are not diagnosed or treated in hospital. There were marked differences in attack rates among areas, which seemed mostly related to different rates for nonfatal events ( table 4 ) ; probably in the area of Caltanissetta, lack of ascertainment of nonhospitalized nonfatal events could contribute to explain very low nonfatal attack rates in both men and women. In the Italian areas of the MON-ICA Project (Friuli for 10 years and Latina for 3 years only), the proportion of out-of-hospital stroke was basically null; this means that all nonfatal cases received treatment in hospital or nursing home [21, 22] . Even if MONICA data referred to out-of-hospital strokes in the age range 35-64 years, we can assume high admission rates for stroke for the participating areas also in the wider age range considered (35-74 years). We think that in the area of Caltanissetta the population under surveillance was not wide enough to produce stable estimates of attack rates.
It should be highlighted that during the first years of activity of the MONICA Project attack rates registered in the area of Latina, representing the south-center of Italy, were relatively lower than those registered in Friuli, while the case fatality rate was higher [22] . The south of Italy has always been considered a low-risk area for coronary heart disease, but higher for stroke [2] . Unfortunately, the reported data demonstrate that the disease frequency is increasing in the south and particularly in urban areas such as Naples, where attack rates were observed to be higher in both men and women. The average high level of blood pressure, the high prevalence of current smokers and the high frequency of obesity in the population of the south of Italy may be some of the reasons behind the increase in disease frequency. Data from the Osservatorio Epidemiologico Cardiovascolare [23] showed an average blood pressure at a 'high normal' level in the south of Italy in both men and women (systolic blood pressure 134 mm Hg in men and 133 mm Hg in women; diastolic blood pressure 85 mm Hg and 83 mm Hg, respectively) [24] ; high prevalence of current smokers (34% in men and 20% in women in the south in comparison to 30 and 20% at the national level) and a high frequency of obesity (19% in men and 31% in women in the south in comparison to 18 and 22% at the national level) [23] .
In recent years, the availability of hospital discharge records and death certificates in electronic format has facilitated the event identification through the record linkage between databases. The Italian register is based on record linkage of administrative data, performed after an accurate quality control of mortality and hospital discharge databases. In addition, this register includes validation which provides the means to: • avoid biases deriving from different procedures adopted in case history coding in different areas; • collect extensive information on events, monitor use of treatments, and diagnostic tools;
• ensure data comparability within the register (different subpopulations and different time points); • ensure data comparability with other registers within the country; • ensure international comparability.
Taking into account comparisons of results with official mortality data, MONICA Register data for Italian areas, and with results from Aosta and l'Aquila registers, the experience of the national register of cerebrovascular events confirms the feasibility and potential of a national surveillance system based on record linkage of routine data and on validation of a sample of events implemented in some representative areas of the country.
Some issues have arisen and require in-depth analysis in order to improve the surveillance system: • the age range is limited; even though the register included a further age decade with respect to the MON-ICA Project (which limited the registration of events to the age range 35-64 years), the representativeness of the general population is still not assured, especially for pathologies such as cerebrovascular diseases which particularly affect the elderly; indeed, among hospitalized patients, the prevalence of patients over 75 with cerebrovascular diseases is not irrelevant; • the choice of the geographical area to be taken under surveillance depends on the event occurrence; following the recommendations proposed by the European Cardiovascular Indicators Surveillance Set (EURO-CISS) Project funded by the EU Commission under the Health Monitoring Program [25] , the minimal number of 300 total events per year in the age range 45-74 years is needed to produce reliable rates; • the implementation is not cheap; thus, a periodical collection (e.g. 1 year each 5) could be performed in order to evaluate possible trends; • collection and coding of secondary causes of deaths are necessary but difficult since only the underlying cause is codified and available in electronic support; • the fatal and nonfatal 500 events to be validated could be selected considering several days during the year in order to take into account possible seasonal variability. These issues reflect recommendations deriving from the EUROCISS Project [25] , which have the main objective of producing manuals of operations for implementing population-based stroke registers following standardized methodologies in order to produce comparable data at the European level.
